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(57) ABSTRACT 

A presently-preferred interconnect device for electrically 
coupling a test instrument and a circuit board having a ?rst 

portion of a ball grid array connector mounted thereon 
comprises a pin header and a second portion of the ball grid 
array. The second portion is mounted on the pin support 
member and comprises a plurality of electrically conductive 
contact members each being electrically coupled to a respec 
tive terminal pin of the pin header. The interconnect device 
further comprises a circuit substrate having a plurality of 
electrical connection points formed on a surface thereof and 

being adapted to be electrically coupled to the test instru 
ment, and a socket receptacle mounted on the circuit sub 

strate. The socket receptacle comprises a plurality of pin 
receptacles adapted to removably receive a respective one of 
the terminal pins and being electrically coupled to a respec 
tive electrical connection point. 
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INTERCONNECT DEVICE FOR ELECTRICALLY 
COUPLING A TEST SYSTEM TO A CIRCUIT 

BOARD ADAPTED FOR USE WITH A BALL-GRID 
ARRAY CONNECTOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to electrical connec 
tors, and more particularly to an interconnect device for 
electrically coupling a test instrument to a circuit board 
adapted for use With a ball grid array (BGA) connector. 

BACKGROUND OF THE INVENTION 

[0002] BGA connectors are used in many applications 
Where a loW-pro?le, high-density electrical connector is 
desired or required. For example, circuit-board manufactur 
ers often mount one or more BGAs on their circuit boards 

prior to shipping the boards to an intermediate or end user. 

[0003] A typical BGA connector comprises a receptacle 
portion, and a plug portion adapted to mate With the recep 
tacle portion. The plug and receptacle portions each include 
an insulative housing having a plurality of through holes 
formed therein. A plurality of male contact members posi 
tioned Within the through holes of the plug portion, and a 
plurality of female contact members positioned Within the 
through holes of the receptacle portion. 

[0004] Each conducting member has a ball-shaped piece 
of solder material ?xed to an end thereof. The balls of solder 
material protrude from the housing, and form a grid array on 
a surface of the plug or receptacle portions. The plug and 
receptacle portions are each mounted on a respective circuit 
substrate by aligning the respective grid arrays With a 
corresponding array of electrical contact points on a surface 
of the substrate. The solder balls are then re?oWed to form 
a solder joint betWeen each conducting member and a 
corresponding electrical connection point. These solder 
joints make it difficult to remove the plug and receptacle 
portions from the circuit substrate once the plug and recep 
tacle portions have been mounted thereon. 

[0005] The number of mating cycles for the plug and 
receptacle portions of a typical BGA conenctor, i.e., the 
number of times the plug and receptacle portions can be 
mated and unmated, is usually limited. For example, some 
types of BGA connectors commonly used on circuit boards 
must be discarded or reWorked after approximately thirty to 
?fty mating cycles. 
[0006] BGA-equipped circuit boards are usually subjected 
to functional checks prior to shipment. These checks are 
typically performed by interconnecting the circuit board to 
a test system via the BGA connector. More particularly, the 
receptacle (or plug) portion mounted on the circuit board is 
mated With a complementary plug (or receptacle) portion 
mounted on a circuit substrate of the test system. The 
substrate is electrically coupled to a test instrument. The test 
instrument is adapted to evaluate the functionality of the 
circuit board by sending electrical signals to the circuit 
board, and receiving and analyZing responsive signals there 
from. 

[0007] A plug or receptacle portion used in a test system 
may be subjected to frequent mating cycles as circuit boards 
undergoing pre-shipment or research-and-development test 
ing are repeatedly coupled and decoupled to and from the 
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test system via the plug or receptacle portion. Such use can 
cause the plug or receptacle portion to reach the end of its 
useful life after a relatively short time period. 

[0008] The above-noted dif?culty in removing the plug or 
receptacle portion from its mounting surface usually neces 
sitates replacement of the circuit substrate of the test system 
When the plug or receptacle portion mounted thereon 
reaches the end of its useful life. Replacing the circuit 
substrate on a relatively frequent basis can substantially 
increase the expense and time associated With the testing 
process. A need therefore exists for a device for intercon 
necting a test instrument to a circuit board adapted for use 
With a BGA connector, Wherein the device can be used 
repeatedly Without a need to replace or reWork a circuit 
substrate of the corresponding test system. 

SUMMARY OF THE INVENTION 

[0009] Apresently-preferred interconnect device for elec 
trically coupling a test instrument and a circuit board having 
a ?rst portion of a ball grid array connector mounted thereon 
comprises a pin header. The pin header comprises an insu 
lative pin support member having a plurality of through 
holes extending betWeen a ?rst and a second surface thereof, 
and a plurality of terminal pins each positioned Within and 
extending from a respective one of the through holes. The 
interconnect device also comprises a second portion of the 
ball grid array connector adapted to mate With the ?rst 
portion. The second portion is mounted on the ?rst surface 
of the pin support member and comprises a plurality of 
electrically conductive contact members each being electri 
cally coupled to a respective one of the terminal pins. 

[0010] The interconnect device further comprises a circuit 
substrate having a plurality of electrical connection points 
formed on a surface thereof and being adapted to be elec 
trically coupled to the test instrument, and a socket recep 
tacle mounted on the circuit substrate. The socket receptacle 
comprises an insulative receptacle support member having a 
plurality of through holes formed therein, and a plurality of 
pin receptacles each extending through a respective one of 
the through holes in the receptacle support member. Each of 
pin receptacles is adapted to removably receive a respective 
one of the terminal pins and is electrically coupled to a 
respective electrical connection point. 

[0011] A presently-preferred system for electrically com 
municating With a circuit board having one of a plug portion 
and a receptacle portion of a ball grid array connector 
mounted thereon comprises a signal conditioning device 
adapted to send and receive electrical signals, and a substrate 
having a plurality of electrical connection points on a 
surface thereof. The electrical connection points are electri 
cally coupled to the signal conditioning device. The system 
also comprises a pin header comprising an insulative pin 
support member and a plurality of terminal pins extending 
through and projecting from the pin support member. 

[0012] The system further comprises a socket receptacle 
mounted on the circuit substrate and comprising an insula 
tive receptacle support member and a plurality of pin 
receptacles extending through the receptacle support mem 
ber. Each of the pin receptacles is adapted to removably 
receive a respective one of the terminal pins, and is electri 
cally coupled to a respective one of the electrical connection 
points. The system also comprises the other of the plug 
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portion and the receptacle portion of the ball grid array 
connector mounted on and electrically coupled to the pin 
support member. 

[0013] A presently-preferred system for testing a circuit 
board having a ?rst portion of a ball grid array connector 
mounted thereon comprises an interconnect device. The 
interconnect device comprises a pin header comprising an 
insulative pin support member and a plurality of terminal 
pins at least partially disposed Within the support member. 
The interconnect device also comprises a second portion of 
the ball grid array connector adapted to mate With the ?rst 
portion. The second portion is mounted on the pin support 
member and comprises a ball grid array and a plurality of 
contact members electrically coupled to the terminal pins via 
the ball grid array. 

[0014] The interconnect device further comprises a circuit 
substrate having a plurality of electrical connection points 
formed on a surface thereof, and a socket receptacle 
mounted on the circuit substrate. The socket receptacle 
comprises an insulative receptacle support member and a 
plurality of pin receptacles at least partially disposed Within 
the socket receptacle. Each of the pin receptacles is adapted 
to removably receive a respective one of the terminal pins 
and is electrically coupled to a respective electrical connec 
tion point. The system also comprises a test instrument 
electrically coupled to the circuit substrate and being 
adapted to generate and send electrical signals to the circuit 
board and to analyZe responsive signals from the circuit 
board thereby evaluating the functionality of the circuit 
board. 

[0015] A presently-preferred ball grid array connector 
system adapted for sub-surface mounting on a circuit sub 
strate comprises a plug portion. The plug portion comprises 
an insulative housing having a plurality of through holes 
formed therein and extending betWeen a ?rst and a second 
surface thereof, and a plurality of male contact members 
each mounted in a respective one of the through holes. The 
system also comprises a receptacle portion comprising an 
insulative housing having a plurality of through holes 
formed therein and extending betWeen a ?rst and a second 
surface thereof, and a plurality of female contact members 
each mounted in a respective one of the through holes in the 
receptacle portion and begin adapted to removable engage a 
respective male contact member. 

[0016] The system further comrises a pin header compris 
ing an insulative pin support member having a plurality of 
through holes extending betWeen a ?rst and a second surface 
thereof, and a plurality of terminal pins each positioned 
Within and extending from a respective one of the through 
holes in the pin support member. One of the plug portion and 
the receptacle portion is mounted on the pin header and each 
of the contact members of the one of the plug portion and the 
receptacle portion is electrically coupled to a respective one 
of the terminal pins. 

[0017] A presently-preferred method for evaluating the 
functionality of a plurality of circuit boards each having a 
?rst portion of a ball grid array connector mounted thereon 
comprises mating a pin header With a complementary socket 
receptacle, and mating the ?rst portion of the ball grid array 
connector With a complementary second portion of the ball 
grid array connector mounted on the pin header. The method 
also comprises directing electrical signals betWeen a test 
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instrument and the circuit board by Way of the socket 
receptacle, the pin header, and the ?rst and second portions 
of the ball grid array. The method further comprises remov 
ing and replacing the pin header and the second portion of 
the ball grid array after the second portion of the ball grid 
array connector has undergone a predetermined number of 
mating cycles. 
[0018] A presently-preferred method of manufacturing 
one of a pin header and a socket receptacle comprises 
forming a plurality of through holes in a support member, 
the plurality of through holes being arranged in a plurality of 
roWs and a plurality of columns. The method also comprises 
inserting a ?rst plurality of conductive members in alternat 
ing ones of the through holes in each of the plurality of roWs 
and in each of the plurality of columns. The method further 
comprises subsequently inserting a second plurality of con 
ductive members in ones of the through holes adjacent the 
alternating ones of the through holes in each of the plurality 
of roWs and in each of the plurality of columns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] For the purpose of illustrating the invention, the 
draWings shoW an embodiment that is presently preferred. 
The invention is not limited, hoWever, to the speci?c instru 
mentalities disclosed in the draWings. In the draWings: 

[0020] FIG. 1 is a diagrammatic side vieW of a presently 
preferred test system, including an interconnect device, for 
a circuit board adapted for use With a BGA connector (also 

shoWn); 
[0021] FIG. 2 is an exploded side vieW of a pin header of 
the interconnect device shoWn in FIG. 1; 

[0022] FIG. 3 is a side vieW of a terminal pin of the pin 
header shoWn in FIG. 2; 

[0023] FIG. 4 is an exploded side vieW of a socket 
receptacle of the interconnect device shoWn in FIG. 1; 

[0024] FIG. 5 is a side vieW of a pin receptacle of the 
socket receptacle shoWn in FIG. 4; 

[0025] FIG. 6 is a top perspective vieW of the BGA 
connector shoWn in FIG. 1, With a receptacle portion and a 
plug portion thereof in an unmated state; 

[0026] FIG. 7A is a cross-sectional vieW of the area 
denoted “A” in FIG. 1, shoWing the receptacle portion and 
a plug portion of the BGA connector in a mated state; 

[0027] FIG. 7B is a cross-sectional vieW of the area 
denoted “A” in FIG. 1, shoWing the plug portion of the BGA 
connector only; 

[0028] FIG. 7C is a cross-sectional vieW of the area 
denoted “A” in FIG. 1, shoWing the receptacle portion of the 
BGA connector only; and 

[0029] FIG. 8A is a top vieW of the pin receptacle shoWn 
in FIG. 2, in a partially assembled state; and 

[0030] FIG. 8B is a top vieW of the pin receptacle shoWn 
in FIGS. 2 and 8A, in a fully assembled state. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0031] FIGS. 1-8B depict a presently-preferred intercon 
nect device 10 for coupling a test instrument and a circuit 
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board adapted for use With a BGA connector. A particular 
type of circuit board and BGA connector are described in 
detail herein for exemplary purposes only; the invention can 
be applied to circuit boards and BGA connectors of virtually 
any type. (The term “circuit board,” as used throughout the 
speci?cation and claims, is intended to encompass all types 
of boards commonly used in electronic devices, including 
printed circuit boards, printed Wire boards, component 
boards, backplanes, etc.) 

[0032] The interconnect device 10 forms part of a test 
system 14 (see FIG. 1). The test system 14 is adapted for use 
With an circuit board 16 having a receptacle portion 18 
mounted thereon. The interconnect device includes a plug 
portion 22 for mating With the receptacle portion 18. The 
plug portion 22 and the receptacle portion 18 together form 
a BGA connector system 17. 

[0033] The plug portion 22 and a receptacle portion 18 
each comprise a total of threehundred contact members 
arranged in a ten-roW, thirty-column array. This particular 
detail is presented for exemplary purposes only; the inven 
tion can be used in conjunction With BGA connectors having 
virtually any number and arrangement of contact members. 
Further details relating to the connector system 17 are 
presented beloW. 

[0034] The test system 14 also comprises a suitable test 
instrument 20 electrically coupled to the interconnect device 
10. The test instrument 20 is adapted to generate and send 
electrical signals to the circuit board 16 via the interconnect 
device 10 and the receptacle portion 18. The test instrument 
20 also receives and analyZes responsive signals from the 
circuit board 16, and thereby evaluates the functionality of 
the circuit board 16 and the receptacle portion 18. Further 
details concerning the test instrument 20 are not necessary to 
an understanding of the invention, and therefore are not 
included herein. 

[0035] The interconnect device 10 comprises the plug 
portion 22, as noted above. The interconnect device 10 also 
comprises a pin header 24 mechanically and electrically 
coupled to the plug portion 22, and a socket receptacle 26 
adapted to mate With the pin header 24. The interconnect 
device 10 further comprises a circuit substrate 28 having a 
plurality of electrical connection points 30 disposed on an 
upper surface 28a thereof. The socket receptacle 26 is 
mounted on the surface 28a, and is electrically coupled to 
the circuit substrate 28 via the electrical connection points 
30. The circuit substrate 28 is electrically coupled to the test 
instrument 20. 

[0036] Details relating to the pin header 24 are as folloWs. 
The pin header 24 comprises a pin support member 32, and 
a plurality of terminal pins 34 arranged in a pattern that 
substantially matches a ball grid array of the plug portion 22 
(see FIGS. 2 and 3). (The ball grid array of the plug portion 
22 is described in detail beloW). The pin header 24 thus 
comprises three-hundred of the terminal pins 34 arranged in 
a thirty roWs and ten columns. 

[0037] The pin support member 32 is formed from an 
electrically-insulative material such as FR4. The pin support 
member 32 has an upper surface 32a and a loWer surface 
32b. A plurality of through holes 36 are formed in the pin 
support member 32, and extend betWeen the upper and loWer 
surfaces 32a, 32b. (Directional terms such as “upper, 
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”“loWer,” etc. are used throughout the speci?cation and 
claims With reference to the component orientations 
depicted in FIG. 1. These terms are used for illustrative 
purposes only, and are not intended to limit the scope of the 
appended claims.) 
[0038] The terminal pins 34 are formed from an electri 
cally-conductive material such as brass alloy 360 With a 
gold-over-nickel coating. Each terminal pin 34 has a body 
portion 34a, a tail portion 34b extending from a loWer end 
of the body portion 34a, and a head portion 34c adjoining an 
upper end of the body portion 34a (see FIG. 3). Abarb 34a' 
is formed around the body portion 34a proximate its loWer 
end. 

[0039] Each of the through holes 36 is adapted to receive 
a respective one of the terminal pins 34. More particularly, 
the body portion 34a of each terminal pin 34 has a diameter 
that is slightly smaller than a diameter of the through holes 
36. The barbs 34d each have a diameter that is slightly larger 
than that of the diameter of the through holes 36, and each 
head portion 34c has a diameter that is substantially larger 
than that of the through holes 36. 

[0040] The terminal pins 34 are each press ?t into a 
respective one of the through holes 36 until interference 
betWeen the head portion 34c and the upper surface 32a of 
the pin support member 32 prevents further insertion of the 
terminal pin 34. Each body portion 34a has a length (vertical 
dimension) approximately equal to a height of the through 
holes 36. Hence, the tail portions 34b extend aWay from the 
loWer surface 32b of the pin support member 32 When the 
terminal pins 34 are fully inserted in the pin support member 
32. In addition, the head portion 34c of each terminal pin 34 
is located on the upper surface 32a of the pin support 
member 32 When the terminal pins 34 are fully inserted 
therein. 

[0041] The body portion 34a is tapered proximate the barb 
34d, thereby facilitating doWnWard insertion of the barb 34d 
into the through hole 36. The barb 34d, once inserted, 
inhibits the terminal pin 34 from backing out of the through 
hole 36, i.e., the barb 34d inhibits upWard movement of the 
terminal pin 34 in relation to the pin support member 32. 
This arrangement produces a “?oating pin” arrangement that 
at least partially compensates for any non-coplanarity 
betWeen the terminal pins 34 and the socket receptacle 26. 

[0042] The through holes 36 each have a diameter of 
approximately 29.5 mils in the exemplary embodiment. The 
body portions 34a, barbs 34d, and head portions 34c have 
respective diameters of approximately 27, 30, and 35 mils. 
These dimensions are included herein for exemplary pur 
poses only, and can vary substantially betWeen applications. 

[0043] The terminal pins 34 are preferably pressed into the 
through holes 36 of the pin support member 32 in tWo 
phases. In particular, approximately half of the terminal pins 
34 are initially pressed into the through holes 36 to form the 
pattern depicted in FIG. 8A. The remaining terminal pins 34 
are then pressed into the remaining through holes 36 to form 
the ?nal pattern of terminal pins 34 depicted in FIG. 8B. In 
other Words, a ?rst plurality of terminal pins 34 is initially 
pressed into alternating through holes 36 in each roW of 
through holes 36 on the pin support member 32. In addition, 
the ?rst plurality of terminal pins 34 is initially pressed into 
alternating through holes 36 in each column of through holes 
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36. A second plurality of terminal pins 34 representing the 
remaining terminal pins 34 is then pressed into the remain 
ing through holes 36. 

[0044] Applicant has found that inserting the terminal pins 
34 in the above-noted sequence minimizes to the potential 
for Warpage of the pin support member 32. This technique 
is particularly useful in high-density applications such as the 
exemplary embodiment, Where three-hundred or more pins 
must be packaged Within a support member having a rela 
tively small footprint. 

[0045] Details relating to the socket receptacle 26 are as 
folloWs. The socket receptacle 26 comprises a receptacle 
support member 40, and a plurality of pin receptacles 42 
arranged in a pattern that substantially matches the pattern of 
the terminal pins 34 (see FIGS. 4 and 5). The socket support 
member 40 is formed from an electrically-insulative mate 
rial such as FR4. The receptacle support member 40 has an 
upper surface 40a and a loWer surface 40b. The loWer 
surface 40b is preferably coated With a layer of polyimide 
?lm 43 such as KAPTON. 

[0046] A plurality of through holes 44 are formed in the 
receptacle support member 40 and extend betWeen the upper 
and loWer surfaces 40a, 40b. Each of the through holes 44 
is adapted to receive a respective one of the pin receptacles 
42, as explained beloW. 

[0047] The pin receptacles 42 each comprise a shell por 
tion 42a and a contact member 42b. Each pin receptacle 42 
also comprises a button portion 42c adjoining a loWer end of 
the shell portion 42a, and a head portion 42d adjoining an 
upper end of the shell portion 42a. Each pin receptacle 42 
also includes a barb 42e extending around an outer surface 
of the shell portion 42a. (The siZe of the barb 426 is 
exaggerated in FIG. 5, for clarity.) 

[0048] The shell portion 42a, button portion 42c, head 
portion 42d, and barb 426 are formed from an electrically 
conductive material such as brass alloy 360 With a tin/lead 
over-nickel or a gold-over-nickel coating. The contact mem 
ber 42b is formed from an electrically-conductive material 
such as beryllium copper alloy With a tin/lead-over-nickel or 
a gold-over-nickel coating. 

[0049] The shell portion 42a de?nes a cavity 46. The 
contact member 42b of each pin receptacle 42 is positioned 
Within a respective cavity 46. Each cavity 46 is adapted to 
receive a tail portion 34b of a respective terminal pin 34. 
Contact betWeen the tail portion 34b and the contact member 
42b during insertion of the tail portion 34b causes the 
contact member 42b to resiliently de?ect. The contact mem 
ber 42b thereby exerts a restraining force on the tail portion 
34. In addition, contact betWeen the tail portion 34b, the 
shell portion 42a, and the contact member 42b establishes 
electrical contact betWeen each terminal pin 34 and a respec 
tive pin receptacle 42. 

[0050] Each of the through holes 44 is adapted to receive 
a respective one of the pin receptacles 42, as noted above. 
More particularly, the body portion 42a of each pin recep 
tacle 42 has a diameter that is slightly smaller than a 
diameter of the through holes 44. The barbs 426 each have 
a diameter that is slightly larger than the diameter of the 
through holes 44, and each head portion 42d has a diameter 
that is substantially larger than that of the through holes 44. 
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[0051] Each pin receptacle 42 is press ?t into a respective 
one of the through holes 44 until interference betWeen the 
head portion 42d and the upper surface 40a of the receptacle 
support member 40 prevents further insertion of the pin 
receptacle 42. The pin receptacles 42 are preferably pressed 
into the through holes 44 in the sequence described above in 
relation to the pin header 24. 

[0052] Each body portion 42a has a length that is greater 
than a height of the through holes 44. Hence, a loWer end of 
each body portion 42a and the corresponding button portion 
42c extend aWay from the loWer surface 40b of the recep 
tacle support member 40 When the pin receptacles 42 are 
fully inserted in the receptacle support member 40. In 
addition, the head portion 42c of each pin receptacle 42 is 
located on the upper surface 40a of the receptacle support 
member 40 When the pin receptacles 42 are fully inserted 
therein. 

[0053] Each barb 426 is tapered in a manner that facilitates 
doWnWard insertion of the barb 426 into the through hole 44. 
The barb 42e, once inserted, inhibits the pin receptacle 42 
from backing out of the through hole 44, i.e., the barb 42e 
inhibits upWard movement of the pin receptacle 42 in 
relation to the receptacle support member 40. This arrange 
ment produces a “?oating socket” arrangement that at least 
partially compensates for any non-coplanarity betWeen the 
pin receptacles 42 and the circuit substrate 28. 

[0054] The circuit substrate 28 comprises a body portion 
50 formed from an electrically insulative material such as 
PR4 (see FIG. 1). The socket receptacle 26 is mounted on 
the upper surface 28a of the circuit substrate 28 and is 
electrically coupled to the substrate 28 via the electrical 
connection points 30. More particularly, electrical connec 
tion points 30 are arranged in a pattern that substantially 
matches the pattern of the pin receptacles 42. The button 
portion 42c of each pin receptacle 42 is mechanically and 
electrically coupled to a respective electrical connection 
point 30 by a suitable conventional soldering technique. 

[0055] It should be noted that the pin receptacles 42 are 
adapted to be soldered directly to the electrical connection 
points 30, unlike the pin receptacles of other devices capable 
of coupling a BGA connector to a circuit substrate. This 
feature permits the pin receptacles 42 to be closely spaced, 
and thereby facilitates the use of the interconnect device 10 
With high-density BGA connector systems. 

[0056] The test instrument 20 generates and sends elec 
trical signals to the circuit board 16 and receives responsive 
signals therefrom, as noted above. The test instrument 20 is 
adapted to analyZe the responsive signals and, based on the 
analysis, verify that circuit board 16 and the receptacle 
portion 18 are functioning properly. The test system 14 can 
thereby be used to perform pre-shipment checks of the 
circuit board 16 and the BGA connector 18. (The test system 
14, and in particular the test instrument 20, can also be 
adapted for use in research and development testing relating 
to the circuit board 16 or the BGA connector system 17.) 

[0057] The test system 14 can be adapted for use With 
virtually any type of BGA connector, as noted above. For 
example, the connector system 17 may be a 300-position 
MEG-Array® connector system, available from the assignee 
of the present application. Further details of the connector 
system 17 and presented beloW, for exemplary purposes. 
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[0058] The receptacle portion 18 comprises an electri 
cally-insulative receptacle housing 60 having a ?rst surface 
60a and a second surface 60b (see FIG. 6). The receptacle 
housing 60 includes mating features 60c that facilitate 
mating of the receptacle portion 18 and the plug portion 22. 

[0059] A plurality of through holes 64 are formed in the 
receptacle housing 60, and extend betWeen the ?rst and 
second surfaces 60a, 60b (see FIG. 7C). An electrically 
conductive female contact member 66 is positioned Within 
each through hole 64. Each female contact member 66 
comprise a pair of contact beams 66a, and tWo tail portions 
66b located proximate the second surface 60b. A solder ball 
68 is attached to the tail portions 66 of each female contact 
member 66. Each solder ball 68 forms a hemispherical 
projection on the second surface 60b. 

[0060] The solder balls 68 collectively form a ball grid 
array 69 on the second surface 60a. The receptacle portion 
18 is mechanically and electrically coupled to the circuit 
board 16 by Way of the ball grid array 69. In particular, the 
receptacle portion 18 and the circuit board 16 are joined by 
aligning each solder ball 68 With a corresponding electrical 
contact point 16a on the circuit board 16. The solder balls 68 
are then re?oWed to form a solder joint betWeen each 
electrical contact point 16a and a respective female contact 
member 66. 

[0061] The plug portion 22 comprises an electrically 
insulative plug housing 70 having a ?rst surface 70a and a 
second surface 70b. The plug housing 70 includes mating 
features 70c that compliment the mating features 60c of the 
receptacle housing 60. 
[0062] A plurality of through holes 74 are formed in the 
plug housing 70, and extend betWeen the ?rst and second 
surfaces 70a, 70b (see FIG. 7B). An electrically-conductive 
male contact member 76 is positioned Within each through 
hole 74. Each male contact member 76 has a mating portion 
76a that extends aWay from the second surface 70b, and tWo 
tail portions 76b located proximate the ?rst surface 70a. A 
solder ball 78 is attached to the tail portions 76b of each male 
contact member 76. Each solder ball 78 forms a hemispheri 
cal projection on the ?rst surface 70a. 

[0063] The solder balls 78 collectively form a ball grid 
array 79 on the ?rst surface 70a (see FIG. 1). The plug 
portion 22 is mechanically and electrically coupled to the 
pin header 24 by Way of the ball grid array 79. In particular, 
the plug portion 22 and the pin header 24 are joined by 
aligning each solder ball 78 With a corresponding terminal 
pin 34 on the pin header 24. The solder balls 78 are then 
re?oWed to form a solder joint betWeen each terminal pin 34 
and a respective male contact member 76. 

[0064] The mating features 60c, 70c facilitate mating of 
the receptacle portion 18 and the plug portion 22, as noted 
above. In particular, the receptacle portion 18 and the plug 
portion 22 are mated by substantially aligning the mating 
features 60c on the receptacle portion 18 With the mating 
features 70c on the plug portion 22. The mating features 60c, 
70c guide the male contact members 76 into contact With the 
female contact members 66 as the plug portion 22 and the 
receptacle portion 18 are urged together by the application 
of force to one or both of the plug portion 22 and the 
receptacle portion 18. 
[0065] Continued insertion of the plug portion 22 into the 
receptacle portion 18 causes the contact beams 66a of each 
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female contact member 66 resiliently engage the mating 
portion 76a of the corresponding male contact member 76 
(see FIG. 7A). More particularly, the contact beams 66a of 
each female contact member 66 are adapted to de?ect 
outWardly, in opposing directions, in response to the inser 
tion of the mating portion 76a. The mating portion of each 
male connector 76 is thus clamped betWeen the contact 
beams 66a of a corresponding female contact member 66 
When the receptacle portion 18 and the plug portion 22 are 
fully mated, thereby establishing electrical contact betWeen 
the circuit board 16 and the pin header 24. 

[0066] The plug portion 22 must be reWorked or replaced 
after approximately thirty to ?fty mating cycles due to 
normal Wear of the male connectors 76. (The receptacle 
portion 18 must also be replaced after approximately thirty 
to ?fty mating cycle. The receptacle portion 18, hoWever, 
typically remains With the test system 14 for no more than 
one mating cycle; replacement of the receptacle portion 18 
it therefore not relevant to this discussion.) 

[0067] The interconnect device 10 permits replacement of 
the plug portion 22 Without the need to reWork or replace the 
circuit substrate 28. In particular, the plug portion 22 and the 
pin header 24 can be quickly and easily removed from the 
test system 10 by manually pulling the pin header 24 from 
the socket receptacle 26. The Worn plug portion 22 can then 
be discarded along With the attached pin header 24, and a 
neW plug portion 22 and pin header 24 can be installed 
immediately thereafter. Hence, substantial cost savings can 
be achieved by eliminating the need to replace or reWork the 
circuit substrate 28 each time the plug portion 22 reaches the 
end of its useful life. In addition, the ef?ciency of the 
pre-shipment testing process for the circuit boards 16 can be 
increased by eliminating potentially lengthy interruptions in 
the testing process caused by the need to remove or reWork 
the substrate 28. 

[0068] It is to be understood that even though numerous 
characteristics and advantages of the present invention have 
been set forth in the foregoing description, together With 
details of the structure and function of the invention, the 
disclosure is illustrative only, and changes may be made in 
detail, especially in matters of shape, siZe, and arrangement 
of the parts, Within the principles of the invention. 

[0069] For example, the positions of the receptacle portion 
18 and the plug portion 22 may be reversed in alternative 
embodiments, i.e., the plug portion 22 may be ?xed to the 
circuit board 16, and the receptacle portion 18 may be ?xed 
to the pin header 24. In addition, the pin header 24, the plug 
portion 22, and the receptacle portion 18 can be used as a 
stand-alone assembly that permits the BGA connector sys 
tem 70 to be used in a non-surface-mount installation. In 
other Words, the tail portions 34a of each terminal pin 34 can 
be mounted in through holes on a circuit substrate adapted 
for subsurface mounting of a connector, thereby coupling 
the plug portion 22 or the receptacle portion 18 to the 
substrate. 

What is claimed is: 
1. An interconnect device for electrically coupling a test 

instrument and a circuit board having a ?rst portion of a ball 
grid array connector mounted thereon, comprising: 

a pin header comprising an insulative pin support member 
having a plurality of through holes extending betWeen 
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a ?rst and a second surface thereof, and a plurality of 
terminal pins each positioned Within and extending 
from a respective one of the through holes; 

a second portion of the ball grid array connector adapted 
to mate With the ?rst portion, the second portion being 
mounted on the ?rst surface of the pin support member 
and comprising a plurality of electrically conductive 
contact members each being electrically coupled to a 
respective one of the terminal pins; 

a circuit substrate having a plurality of electrical connec 
tion points formed on a surface thereof and being 
adapted to be electrically coupled to the test instrument; 
and 

a socket receptacle mounted on the circuit substrate, the 
socket receptacle comprising an insulative receptacle 
support member having a plurality of through holes 
formed therein, and a plurality of pin receptacles each 
extending through a respective one of the through holes 
in the receptacle support member, Wherein each of pin 
receptacles is adapted to removably receive a respec 
tive one of the terminal pins and is electrically coupled 
to a respective electrical connection point. 

2. The device of claim 1, Wherein the pin header com 
prises at least three-hundred of the terminal pins and the 
socket receptacle comprises at least three-hundred of the pin 
receptacles. 

3. The device of claim 1, Wherein each of the pin 
receptacles is mounted directly on a respective electrical 
connection point. 

4. The device of claim 1, Wherein each of the terminal pins 
comprises a body portion, an elongated tail portion adjoin 
ing a loWer end of the body portion, and a head portion 
adjoining an upper end of the body portion. 

5. The device of claim 4, Wherein each of the terminal pins 
further comprises a barb extending around an outer surface 
of the body portion and being adapted to engage a perimeter 
of a respective through hole in the pin support member. 

6. The device of claim 1, Wherein each of the pin 
receptacles comprises a shell portion, a contact member 
positioned Within the shell portion, a button portion adjoin 
ing a loWer end of the shell portion, and a head portion 
adjoining an upper end of the shell portion. 

7. The device of claim 6, Wherein each of the pin 
receptacles further comprises a barb extending around an 
outer surface of the shell portion and being adapted to 
engage a perimeter of a respective through hole in the 
receptacle support member. 

8. The device of claim 1, further comprising a layer of 
polyimide ?lm positioned betWeen the socket receptacle and 
the circuit substrate. 

9. The device of claim 1, Wherein the second portion of 
the ball grid array connector is a plug portion. 

10. The device of claim 9, Wherein the plug portion 
comprises a plug housing having a plurality of through holes 
formed therein, and a plurality of male contact members at 
least partially disposed Within the through holes. 

11. The device of claim 1, Wherein each of the pin 
receptacles is adapted to removably receive a portion of a 
respective one of the terminal pins through a ?rst end of the 
pin receptacle and a second end of each of the pin recep 
tacles is electrically coupled to a respective one of the 
electrical connection points. 
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12. The device of claim 1, Wherein each of the terminal 
pins each extend aWay from the second surface of the pin 
support member. 

13. Asystem for electrically communicating With a circuit 
board having one of a plug portion and a receptacle portion 
of a ball grid array connector mounted thereon, comprising: 

a signal conditioning device adapted to send and receive 
electrical signals; 

a substrate having a plurality of electrical connection 
points on a surface thereof, the electrical connection 
points being electrically coupled to the signal condi 
tioning device; 

a pin header comprising an insulative pin support member 
and a plurality of terminal pins extending through and 
projecting from the pin support member; 

a socket receptacle mounted on the circuit substrate and 
comprising an insulative receptacle support member 
and a plurality of pin receptacles extending through the 
receptacle support member, each of pin receptacles 
being adapted to removably receive a respective one of 
the terminal pins and being electrically coupled to a 
respective one of the electrical connection points; and 

the other of the plug portion and the receptacle portion of 
the ball grid array connector mounted on and electri 
cally coupled to the pin support member. 

14. The system of claim 13, Wherein the pin header 
comprises at least three-hundred of the terminal pins and the 
socket receptacle comprises at least three-hundred of the pin 
receptacles. 

15. The system of claim 14, Wherein the plug portion of 
the ball grid array connector is mounted on and electrically 
coupled to the pin support member. 

16. A system for testing a circuit board having a ?rst 
portion of a ball grid array connector mounted thereon, 
comprising: 

an interconnect device comprising: 

a pin header comprising an insulative pin support 
member and a plurality of terminal pins at least 
partially disposed Within the support member; 

a second portion of the ball grid array connector 
adapted to mate With the ?rst portion, the second 
portion being mounted on the pin support member 
and comprising a ball grid array and a plurality of 
contact members electrically coupled to the terminal 
pins via the ball grid array; 

a circuit substrate having a plurality of electrical con 
nection points formed on a surface thereof; 

a socket receptacle mounted on the circuit substrate, the 
socket receptacle comprising an insulative receptacle 
support member and a plurality of pin receptacles at 
least partially disposed Within the socket receptacle, 
Wherein each of the pin receptacles is adapted to 
removably receive a respective one of the terminal 
pins and is electrically coupled to a respective elec 
trical connection point; and 

a test instrument electrically coupled to the circuit 
substrate and being adapted to generate and send 
electrical signals to the circuit board and to analyZe 
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responsive signals from the circuit board thereby 
evaluating the functionality of the circuit board. 

17. The system of claim 16, Wherein the pin header 
comprises at least three-hundred of the terminal pins and the 
socket receptacle comprises at least three-hundred of the pin 
receptacles. 

18. The system of claim 16, Wherein the second portion of 
the ball grid array connector is a plug portion. 

19. A ball grid array connector system adapted for sub 
surface mounting on a circuit substrate, comprising: 

a plug portion comprising an insulative housing having a 
plurality of through holes formed therein and extending 
betWeen a ?rst and a second surface thereof, and a 
plurality of male contact members each mounted in a 
respective one of the through holes; 

a receptacle portion comprising an insulative housing 
having a plurality of through holes formed therein and 
extending betWeen a ?rst and a second surface thereof, 
and a plurality of female contact members each 
mounted in a respective one of the through holes in the 
receptacle portion and begin adapted to removable 
engage a respective male contact member; and 

a pin header comprising an insulative pin support member 
having a plurality of through holes extending betWeen 
a ?rst and a second surface thereof, and a plurality of 
terminal pins each positioned Within and extending 
from a respective one of the through holes in the pin 
support member, Wherein one of the plug portion and 
the receptacle portion is mounted on the pin header and 
each of the contact members of the one of the plug 
portion and the receptacle portion is electrically 
coupled to a respective one of the terminal pins. 

20. The system of claim 19, Wherein the pin header 
comprises at least three-hundred of the terminal pins. 

21. Amethod for evaluating the functionality of a plurality 
of circuit boards each having a ?rst portion of a ball grid 
array connector mounted thereon, comprising: 
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mating a pin header With a complementary socket recep 
tacle; 

mating the ?rst portion of the ball grid array connector 
With a complementary second portion of the ball grid 
array connector mounted on the pin header; 

directing electrical signals betWeen a test instrument and 
the circuit board by Way of the socket receptacle, the 
pin header, and the ?rst and second portions of the ball 
grid array; and 

removing and replacing the pin header and the second 
portion of the ball grid array after the second portion of 
the ball grid array connector has undergone a prede 
termined number of mating cycles. 

22. A method of manufacturing one of a pin header and a 
socket receptacle, comprising: 

forming a plurality of through holes in a support member, 
the plurality of through holes being arranged in a 
plurality of roWs and a plurality of columns; 

inserting a ?rst plurality of conductive members in alter 
nating ones of the through holes in each of the plurality 
of roWs and in each of the plurality of columns; and 

subsequently inserting a second plurality of conductive 
members in ones of the through holes adjacent the 
alternating ones of the through holes in each of the 
plurality of roWs and in each of the plurality of col 
umns. 

23. The method of claim 22, Wherein the ?rst plurality of 
through holes is approximately equal to the second plurality 
of through holes. 

24. The method of claim 22, Wherein the conductive 
members are terminal pins. 

25. The method of claim 22, Wherein the conductive 
members are socket receptacles. 

* * * * * 


